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PRELIMINARY AMENDMENT 



1) This Preliminary Amendment is filed contemporaneously with the filing of a U.S. Patent 
Application claiming priority from an application filed in Germany as 199 51 477.1 on 26 
October 1999. The fees for the claims should be calculated based on the claims 
remaining after the entry of this Preliminary Amendment, which results in 15 total and 1 
independent claim. 

Consistent with the modifications to 37 CFR §1.121, the applicant has provided the 
amended claims in a clean form on the enclosed replacement sheets. 

2) Amendments to the Disclosure 



4) Amendments to the Claims 

After the heading "CLAIMS" and before the beginning of the claims, please insert the words: -- 

What is claimed is: — 
Please cancel claim 1, without bias or prejudice: 

1 . (canceled) A stent, in particular a coronary stent, having a coating (6, 18), characterised 
in that the coating (6, 18) is of an irregular nature. 



None at this time. 



3) 



Amendments to the Figures 



None at this time. 



Please amend the claims as follows: 
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2. (amended) A stent as set forth in claim 13 [1] wherein the coating [(6, 18)] is irregular in 
respect of its thickness. 

3. (amended) A stent as set forth in claim 2 wherein the coating [(6, 18)] is completely 
missing at at least one location on the surface [(4)] of the stent. 

4. (amended) A stent as set forth in claim 3 wherein the coating [(6, 18)] is interrupted in a 
grid-like pattern. 

5. (amended) A stent as set forth in claim 13 [one of the preceding claims] wherein the 
coating [(6, 1 8)] is provided in the form of coating islands [(18)] on the surface of the 
stent. 

6. (amended) A stent as set forth in claim 5 wherein the coating islands [(18)] are of a 
substantially round configuration. 

7. (amended) A stent as set forth in claim 5 [one of claims 5 and 6] wherein the coating 
islands [(18)] are all of substantially the same size. 

8. (amended) A stent as set forth in claim 5 [one of claims 5 through 7] wherein the coating 
islands [(18)] in regions [(12, 14, 16)] involving a greater degree of local stretching of the 
stent surface [(4)] upon stretching of the stent are arranged at a greater mutual spacing 
than in regions [(8, 10)] involving a lesser degree of local stretching of the stent surface. 

9. (amended) A stent as set forth in claim 5 [one of claims 5, 6 and 8] wherein the coating 
islands [(18)] in regions [(12, 14, 16)] involving a greater degree of local stretching of the 
stent surface [(4)] upon stretching of the stent are smaller than in regions [(8, 10)] 
involving a lesser degree of local stretching of the stent surface. 
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10. (amended) A stent as set forth in claim 9 wherein the mutual spacings of the coating 
islands [(18)] are substantially the same everywhere. 

1 1 . (amended) A stent as set forth in claim 13 [one of the preceding claims] wherein the 
coating [(6, 18)] comprises biocompatible material. 

1 2 . (amended) A stent as set forth in claim 13 [one of the preceding claims] wherein the 
coating [contains] comprises at least one member sel ected from a group consisting of: 
amorphous silicon carbide [(a-SiC)], hydrogenated amorphous silicon carbide [(a- 
SiC:H)] and [and/or] gold. 

Please insert the following new claims: 

13. (new) A stent having a surface with a coating, characterised in that the coating is formed 
irregularly on the surface. 

14. (new) A stent as set forth in claim 6 wherein the coating islands are all of substantially 
the same size. 

1 5 . (new) A stent as set forth in claim 6 wherein the coating islands in regions involving a 
greater degree of local stretching of the stent surface upon stretching of the stent are 
arranged at a greater mutual spacing than in regions involving a lesser degree of local 
stretching of the stent surface. 

16. (new) A stent as set forth in claim 6 wherein the coating islands in regions involving a 
greater degree of local stretching of the stent surface upon stretching of the stent are 
smaller than in regions involving a lesser degree of local stretching of the stent surface. 

REMARKS 

The above claims have been amended to more closely correspond them to United States 
claiming practice, namely, by removing multiple dependencies, especially improper multiple 



dependencies, by removing reference numerals, and by clarifying antecedent basis issues. These 
amendments to the claims are fully supported by the literal translation into English of the 
specification as filed in Germany, and they do not introduce new subject matter. 

Respectfully submitted, 

SteMen L. Grant 
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1225 W. Market St. 
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CLAIMS 

What is claimed is: 

1 . (canceled) 

2. (amended) A stent as set forth in claim 13 wherein the coating is irregular in 
respect of its thickness. 



3. (amended) A stent as set forth in claim 2 wherein the coating is completely 
missing at at least one location on the surface of the stent. 

4. (amended) A stent as set forth in claim 3 wherein the coating is interrupted 
in a grid-like pattern. 

5. (amended) A stent as set forth in claim 13 wherein the coating is provided in 
the form of coating islands on the surface of the stent. 

6. (amended) A stent as set forth in claim 5 wherein the coating islands are of 
a substantially round configuration. 

7. (amended) A stent as set forth in claim 5 wherein the coating islands are all 
of substantially the same size. 

8. (amended) A stent as set forth in claim 5 wherein the coating islands in 
regions involving a greater degree of local stretching of the stent surface 
upon stretching of the stent are arranged at a greater mutual spacing than in 
regions involving a lesser degree of local stretching of the stent surface. 



9. (amended) A stent as set forth in claim 5 wherein the coating islands in 
regions involving a greater degree of local stretching of the stent surface 
upon stretching of the stent are smaller than in regions involving a lesser 
degree of local stretching of the stent surface. 



10. 



(amended) A stent as set forth in claim 9 wherein the mutual spacings of the 
coating islands are substantially the same everywhere. 
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1 1 . (amended) A stent as set forth in claim 13 wherein the coating comprises 
biocompatible material. 

12. (amended) A stent as set forth in claim 13 wherein the coating comprises at 
least one member selected from a group consisting of: amorphous silicon 
carbide, hydrogenated amorphous silicon carbide and gold. 

13. (new) A stent having a surface with a coating, characterised in that the 
coating is formed irregularly on the surface. 

14. (new) A stent as set forth in claim 6 wherein the coating islands are all of 
substantially the same size. 

15. (new) A stent as set forth in claim 6 wherein the coating islands in regions 
involving a greater degree of local stretching of the stent surface upon 
stretching of the stent are arranged at a greater mutual spacing than in 
regions involving a lesser degree of local stretching of the stent surface. 

16. (new) A stent as set forth in claim 6 wherein the coating islands in regions 
involving a greater degree of local stretching of the stent surface upon 
stretching of the stent are smaller than in regions involving a lesser degree 
of local stretching of the stent surface. 



5 



Berlin 29th August 2000 

Ourref: BB1143 JVO/js 

Applicants/proprietors: BIOTRONIK Mess- und Therapiegerate 
GmbH & Co. Ingenieurburo Berlin 
10 Office ref: New application 



15 BIOTRONIK Mess- und Therapiegerate GmbH & Co. Ingenieurburo Berlin 
Woermannkehre 1, D-12359 Berlin 
Stent 



20 The invention concerns a stent having a coating. 

Stents are known from the state of the art in many different forms. Stents 
are used inter alia in connection with percutaneous transluminal 
angioplasty (PCTA, Percutaneous Transluminal Balloon Angioplasty) in 

25 vascular surgery of the heart. Stents however can also serve to dilate other 
openings in the body or to keep such openings in a dilated condition. That 
medical procedure is initially preceded by determining the location of the 
constriction in a coronary blood vessel. A so-called angioplasty balloon is 
then moved in the artery which has the constriction, the so-called stenosis, 

30 to the location of the stenosis where it is inflated. Due to the radially 
outwardly directed force of the inflated balloon the constriction is dilated 
and in the optimum case the original passage cross-section of the 
previously constricted artery is restored. 
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Besides successful dilation of the vessel however side-effects can occur, 
which include local splits in the artery, disintegration effects and projections 
of plate portions and flakes into the lumen of the artery so that, in spite of 
the dilation effect, blockage of the vessel can still occur. In addition it is 
5 possible that a stenosis can re-occur due to the vessel wall elastically 
springing back and/or due to the growth of the intima of the vessel. 
Statistically, that occurs within six months in the case of over 30% of the 
patients who were treated with PCTA. 

10 In order now immediately after dilation of the blood vessel to ensure a 
relatively smooth inside wall surface for the vessel and to be able to avoid 
renewed stenosis, stents were developed. Those small tubes serve inter alia 
in conjunction with PCTA to maintain the vessel flow cross-section which is 
produced by balloon angioplasty, in order thereby to ensure long-term 

15 success with the PCTA procedure. 

The success of such so-called stenting also depends inter alia on how 
quickly blood particles are deposited on the stent when fitted into the 
vessel. For, the more rapidly blood particles are deposited on the stent 
20 surfaces, the more rapidly vessel constrictions recur in the region of the 
stents, by virtue of such deposits. It is therefore desirable to provide stent 
surfaces which make it difficult for the blood particles to be deposited on 
the surface of the stent and thus constrict the flow cross-section of the 
blood vessel provided with a stent. 

25 

In order to prevent deposits of that kind or to at least make it more difficult 
for them to form, it is therefore known from the state of the art for the 
surfaces of the stents to be coated with a material which makes it more 
difficult for blood particles to be deposited on the stent surface, that is to 
30 say, on that coating. 

When a stent provided with such a coating is now radially expanded in the 
blood vessel, coatings of that kind are also expanded therewith. In that 
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respect it has been found that those coatings in the state of the art are only 
capable to a limited extent of following the corresponding expansion of the 
stent. As a result those stent coatings chip off the stent surface if 
expansion of the stent and therewith the tension produced in the coating 
5 become excessive. 

Accordingly, the object of the invention is to avoid the above-indicated 
disadvantages and to provide a stent of the kind set forth in the opening 
part of this specification, whose coating does not chip off the stent even 
10 upon stretching of the stent. 

In accordance with the invention in a stent of the kind set forth in the 
opening part of this specification that object is attained in that the coating 
is formed irregularly on the stent surface. 

15 

The advantages of the present invention are in particular that the 
irregularly formed coating means that the coating can be adapted to meet 
the prevailing demands in respect of the coating. For, upon expansion of 
the stent, the fact that the stent is stretched to different degrees in various 

20 regions also involves stretching to different degrees of the coating disposed 
in those regions. Thus, by virtue of the irregularly formed coating, the 
coating can be thinner at locations where the stent experiences a great 
degree of stretching, than at locations which involve a lesser degree of 
stretching of the stent when the stent is inserted into a blood vessel. It is 

25 thus possible by virtue of the invention to provide that the coating does not 
chip or peel off as in its thinner regions it can still follow even extreme local 
stretching phenomena. 

In a further preferred embodiment of the invention the coating is 
30 completely removed at at least one location on the surface of the stent. 
That location is preferably a location involving elevated local stretching of 
the stent upon expansion of the stent. When the stent has a coating of that 
kind which is not of a continuous or complete nature therefore there are 
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formed between individual coated regions gaps or joins in which a length 
compensation effect can occur between the portions of the coating so that 
the stresses which occur in the continuously closed coating in the state of 
the art can be reduced. That therefore provides that the coating cannot 

5 chip or flake off at that location of extreme local stretching of the stent as 
the coating is not provided there from the outset. In that respect each gap 
or join between the individual coated regions delimits a region whose 
maximum dimensions are afforded by the maximum stretching of the stent 
which occurs at that location. In adjacent relationship to that free location, 

10 that is to say in regions in which the local stretching effect would not result 
in the coating chipping off, the coating is again present. In that respect the 
coating may involve a thickness gradient so that the coating becomes 
uniformly thicker for example from the location at which there is no coating 
to a location at which no local stretching occurs upon expansion of the 

15 stent. That provides for a smooth and gentle surface profile for the coating 
on the stent. 

In a further preferred embodiment of the invention the coating is arranged 
in a pattern-like or grid-like configuration. In another embodiment of the 

20 invention that grid configuration or patterning can also relate to the 
thickness of the coating. In both cases however this ensures in the 
patterned configuration that the stent has in a regular fashion thereon 
coating regions which can withstand even relatively high local stretching 
effects without chipping off. In this embodiment therefore it is not 

25 absolutely necessary to pay attention to precisely locating locations with a 
high level of local stretching; on the contrary, by means of a coating which 
is patterned overall in that way it is possible to prevent the coating from 
chipping off from the outset at any location on the stent. For, in this 
embodiment, the coating portions which are applied to the stent in a grid- 

30 like or pattern configuration are preferably so small that they do not chip 
off at any event when the stent is subjected to stretching. A stent which is 
coated in a grid-like or patterned configuration in that way is therefore 
inherently immune to the coating chipping off. 
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In a further preferred embodiment of the present stent coating the coating 
is arranged in the form of coating islands on the surface of the stent. These 
coating islands which in a further preferred feature are of a circular 
5 configuration best embody the success according to the invention. For, 
coating islands of that kind can simply be applied in uniform form and at 
the same time ensure that there is a uniform distribution of the stretch 
forces acting on the coating in the coating island itself. That avoids stretch 
effect peaks in the coating itself; thus, in the case of a round coating island 
10 of that kind, the stretch loading in respect of the coating island within the 
coating island is substantially more uniform and regular than in the case of 
islands which are of an irregular shape. 

The invention can also be adapted to various requirements in respect of the 
15 stent. Thus, depending on the respective stent structure involved, it is 
advantageous if all coating islands are of substantially equal size. In this 
embodiment it is then further preferred if the coating islands in regions 
involving a greater degree of local stretching of the stent surface upon 
stretching of the stent are arranged at a greater mutual spacing than in 
20 regions involving a lesser degree of local stretching of the stent surface. In 
this embodiment therefore, with coating islands of equal size, the different 
degrees of local stretching of the stent are taken into consideration by 
virtue of different spacings of the coating islands on the surface of the 
stent. 

25 

In other stent structures, it has proven to be advantageous if the mutual 
spacings of the coating islands are of equal size substantially everywhere 
on the surface of the stent. In this embodiment, adaptation of the coating 
to the different degree of stretching of the stent is effected by the coating 
30 islands in the regions involving a greater degree of local stretching of the 
stent surface being smaller than in regions involving a lesser degree of local 
stretching of the stent surface. In this embodiment therefore adaptation of 
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the coating to varying local stretching of the stent is implemented by way 
of the size of the coating islands. 

In a further particularly preferred embodiment of the present invention the 
5 coating is made of biocompatible material. That provides for optimum 
medical compatibility of the stent. 

Further preferred embodiments of the invention are set forth in the 
appendant claims. 

10 

An embodiment by way of example of the present invention will now be 
described with reference to the single Figure. 

The Figure shows a portion 1 of a stent according to the invention. The 
15 portion 1 comprises a piece of wire 2 of the structure of the stent. 

The wire 2 is of a cylindrical configuration and has a surface 4. Disposed on 
the surface 4 is a coating 6 which is arranged in a grid-like or patterned 
configuration. 

20 

The wire 2 is incorporated into a stent structure in such a way that, upon 
stretching (not shown) of the stent, different degrees of local stretching of 
the wire 2 occur. Thus, the regions 8 and 10 of the wire 2, which are 
illustrated in the Figure, are stretched only to a slight degree. The regions 
25 12 and 14 of the wire 2 are stretched to a greater degree in comparison, 
when the stent is stretched overall. The region 16 of the wire 2 is stretched 
to the greatest degree when the stent is stretched. 

The coating 6 is applied to the surface 4 of the wire 2 in different densities 
30 in accordance with the differing stretching of the regions 8 through 6. That 
differing density is achieved in that the individual coating islands 18 of the 
coating 6, which are each of a circular configuration, are arranged at 
differing spacings relative to each other on the surface 4. Thus, those 
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coating islands 8 of substantially equal size are arranged at a first spacing 
relative to each other in the regions 8 and 10, while in the regions 12 and 
14 they are arranged at a second, greater spacing relative to each other 
and in the region 16 they are arranged at a third, still greater spacing 
5 relative to each other. In that way the coating 16 can also go with the 
varying degree of stretching of the surface 4, without the coating 6 or the 
coating islands 18 suffering from spalling from the surface 4 of the wire 2 
of the stent upon stretching thereof. 



CLAIMS 
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1. A stent, in particular a coronary stent, having a coating (6, 18), 
characterised in that the coating (6, 18) is of an irregular nature. 

2. A stent as set forth in claim 1 wherein the coating (6, 18) is irregular 
in respect of its thickness. 

3. A stent as set forth in claim 2 wherein the coating (6, 18) is 
completely missing at at least one location on the surface (4) of the stent. 

4. A stent as set forth in claim 3 wherein the coating (6, 18) is 
interrupted in a grid -I ike pattern. 

5. A stent as set forth in one of the preceding claims wherein the 
coating (6, 18) is provided in the form of coating islands (18) on the 
surface of the stent. 

6. A stent as set forth in claim 5 wherein the coating islands (18) are 
of a substantially round configuration. 

7. A stent as set forth in one of claims 5 and 6 wherein the coating 
islands (18) are all of substantially the same size. 

8. A stent as set forth in one of claims 5 through 7 wherein the coating 
islands (18) in regions (12, 14, 16) involving a greater degree of local 
stretching of the stent surface (4) upon stretching of the stent are arranged 
at a greater mutual spacing than in regions (8, 10) involving a lesser 
degree of local stretching of the stent surface (4). 

9. A stent as set forth in one of claims 5, 6 and 8 wherein the coating 
islands (18) in regions (12, 14, 16) involving a greater degree of local 
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stretching of the stent surface (4) are smaller than in regions (8, 10) 
involving a lesser degree of local stretching of the stent surface (4). 

10. A stent as set forth in claim 9 wherein the mutual spacings of the 
coating islands (18) are substantially the same everywhere. 

11. A stent as set forth in one of the preceding claims wherein the 
coating (6, 18) comprises biocompatible material. 

12. A stent as set forth in one of the preceding claims wherein the 
coating contains amorphous silicon carbide (a-SiC), hydrogenated 
amorphous silicon carbide (a-SiC:H) and/or gold. 
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Abstract 



The invention concerns a stent, in particular a coronary stent, having a 
coating. The coronary stent according to the invention is distinguished in 
that the coating is of an irregular and in particular grid-like patterned 
configuration. 
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